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LAYERED-TYPE PIEZOELECTRIC
ELEMENT AND METHOD FOR PRODUCING
THE LAYERED-TYPE PIEZOELECTRIC
ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a layered-type piezoelec-
tric element provided 1n an 1nk jet print head which ejects
ink droplets to produce diagrams or characters by dots on a
print medium and to a method for producing the layered-
type piezoelectric element.

2. Description of the Related Art

Conventionally, there has been know an 1nk jet print head
including piezoelectric elements. Each piezoelectric element
cither forms or 1s attached to a wall surface defining an 1nk
reservolr or 1nk channel. When one of the piezoelectric
clements 1s applied with a voltage, the piezoelectric element
deforms, causing a displacement which changes the volume
of the corresponding ink channel. Increase 1n pressure
accompanying the volume change ejects an ink droplet from
a nozzle fluidly connected with the ink channel.

Japanese Patent Application (Kokai) No. HEI-6-79871
discloses a configuration typical for such an ink jet print
head. As shown 1n FIG. 1, vertically-displacing pillar-
shaped piezoelectric ceramic elements 81 serving as
layered-type actuators are formed from a block-shaped
cintered body into which eclongated grooves have been
opened with a slicer or other instrument. The piezoelectric
ceramic elements 81 are configured from stacks of thin
piezoelectric element sheets alternating with thin internal
clectrodes. This configuration allows low voltage drive of
the piezoelectric ceramic elements 81. The internal elec-
trodes are exposed 1n alternation at opposing side surfaces of
the piezoelectric ceramic elements 81. The internal elec-
trodes are connected, by wire bonding or by other means, to
a drive power source for supplying a voltage for driving the
piezoelectric ceramic elements 81.

An elastic thin plate 82 1s adhered to the tip ends of the
pillar-shaped piezoelectric ceramic elements 81. Further, a
nozzle plate 84 made from resin and formed with ink
channels 83 and nozzles 83a 1s adhered to the thin plate 82
so that tip ends of the piezoelectric ceramic elements 81 are
positioned over corresponding ink channels 83. Application
of a voltage to the piezoelectric ceramic elements 81 pro-
duces displacement which deforms the thin plate 82 and
cjects 1nk 1n the ink channel 83 from the nozzles 83a.
Dot-pattern characters and other images can therefore be
printed.

However, the pillar-shaped piezoelectric ceramic ele-
ments 81 of the mk jet print head shown 1n FIG. 7 easily
break because they are thin independent units. Because the
pillar-shaped piezoelectric ceramic elements 81 break easily,
production yield of the ink jet print head 1s low. Also, the ink
jet print head 1s unreliable because the pillar-shaped piezo-
electric ceramic elements 81 can easily break when driven.

Also, producing the piezoelectric ceramic elements 81
requires many production processes such as machining the
pillar-shaped piezoelectric element using a slicer and such as
wire bonding for the power supply. The great number of
production processes makes the piezoelectric ceramic ele-
ments 81 expensive to produce.

SUMMARY OF THE INVENTION

The object of the present invention 1s to solve the above-
described problems and to provide a reliable and 1nexpen-
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2

sive to produce layered-type piezoelectric element used 1n
an 1nk jet print head and to provide a high yield method for
producing the layered-type piezoelectric element.

To achieve the above-described objectives, a layered-type
piezoelectric element according to one aspect of the present
invention 1s for producing a pressure fluctuation within a
cavity of an 1nk jet print head to eject the ink from the cavity.
The layered-type piezoelectric element comprises: piezo-
clectric ceramic layers; and internal electrode layers stacked
in a stacked direction alternately with the piezoelectric
ceramic layers to form a stacked body, the internal electrode
layers including an odd-numbered electrode layer group and
an even-numbered electrode layer group; wherein elongated
holes are opened through at least a central portion of the
stacked body 1n the stacked direction, the elongated holes
defining a plurality of actuator portions in the stacked body,
portions of each layer of the odd-numbered electrode layer
oroup being 1n opposition in the stacked direction with
portions of each layer of the even-numbered electrode layer
oroup at least at the actuator portions of the stacked body.

Also, at least one group of the odd-numbered electrode
layer group and the even-numbered electrode layer group
includes a plurality of electrically 1solated electrodes dis-
posed at positions corresponding to the actuator portions.

According to another aspect of the present invention, a
method for making a layered-type pieczoelectric element for
producing a pressure fluctuation within a cavity of an ink jet
print head to eject ink from the cavity includes the following,
steps 1n the order named: producing from a piezoelectric
material a plurality of first and second plate sheets each
having elongated holes at a predetermined pitch; forming a
first electrode on each of the first plate sheets so that a
terminal of each of the first electrodes 1s exposed on an edge
of its corresponding first plate sheet; forming a second
clectrode on each of the second plate sheets so that a
plurality of terminals of each of the second electrodes are
exposed on an edge of 1ts corresponding second plate sheet;
stacking the first and second sheets 1n alternation to form a
stacked body; and attaching the first and second sheets
together by pressing them together.

According to a further aspect of the present invention, a
method for making a layered-type piezoelectric element for
producing a pressure fluctuation within a cavity of an ink jet
print head to eject the 1nk from the cavity includes the
following steps 1n the order named: forming a first electrode
on each of a group of first plate sheets made from piezo-
clectric material, each first electrode being formed so that a
terminal thereof 1s exposed on an edge of its corresponding
first plate sheet; forming a second electrode on each of a
oroup of second plate sheets made from piezoelectric
material, each second electrode being formed so that a
plurality of terminals thereof are exposed on an edge of its
corresponding second plate sheet; forming elongated holes
to a predetermined pitch on each of the first and second plate
sheets; stacking the first and second plate sheets 1n alterna-
fion to form a stacked body; and pressing the stacked body
to attach the first and second plate sheets together.

According to a further aspect of the present invention, a
method for making a layered-type piezoelectric element for
producing a pressure fluctuation within a cavity of an ink jet
print head to eject ink from the cavity, includes the following
steps 1n the order named: forming a first electrode on each
of a group of first plate sheets made from piezoelectric
material, each first electrode being formed so that a terminal
thereof 1s exposed on an edge of 1its corresponding first plate
sheet; forming a second electrode on each of a group of
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second plate sheets made from piezoelectric material, each
second electrode being formed so that a plurality of termi-
nals thereof are exposed on an edge of its corresponding
second plate sheet; stacking the first and second plates sheets
to form a stacked body; pressing the stacked body to attach
the first and second plates sheets together; and forming
clongated holes through the stacked body in a stacked
direction 1n which the plate sheets are stacked and at a
predetermined pitch 1n a direction normal to the stacked
direction.

According to a further aspect of the present invention, a
print head array comprises: a nozzle plate formed with
nozzles; an ink channel plate attached to the nozzle plate, the
ink channel plate formed with ink channels having a pre-
determined size, the ink channels aligned with the nozzles;
and a stacked body for producing a pressure fluctuation 1n
the 1nk channels to eject ink from the nozzles, the stacked
body including: piezoelectric ceramic layers; and internal
clectrode layers stacked 1n a stacked direction alternately
with the piezoelectric ceramic layers, the 1nternal electrode
layers including an odd-numbered electrode layer group and
an even-numbered electrode layer group; wherein the
stacked body 1s formed through at least a central portion
thereof with elongated holes opened 1n the stacked direction,
the elongated holes defining a plurality of actuator portions
for producing the pressure fluctuation in the ink chambers,
the actuator portions being aligned with the ink chambers
and having a predetermined size smaller than the predeter-
mined size of the ink chambers, portions of each layer of the
odd-numbered electrode layer group being in opposition in
the stacked direction with portions of each layer of the
even-numbered electrode layer group at least at the actuator
portions of the stacked body, at least one group of the
odd-numbered electrode layer group and the even-numbered
clectrode layer group including a plurality of electrically
1solated electrodes disposed at positions corresponding to
the actuator portions.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the 1nvention will become more apparent from reading the
following description of the preferred embodiment taken in
connection with the accompanying drawings 1n which:

FIG. 1 1s a sectional perspective view showing a conven-
fional ink jet print head;

FIG. 2 1s a perspective view showing essential portions of
an 1nk jet printer incorporating an ink jet print head accord-
ing to the present mvention;

FIG. 3 1s an exploded view showing an array of the ink jet
print head;

FIG. 4 1s a sectional cross-sectional view showing the
array;

FIG. 5 1s a perspective view showing a layered-type
piezoelectric element according to the present mnvention;

FIG. 6 1s an exploded view of the layered-type piezoelec-
tric element; and

FIG. 7 1s perspective view showing electric circuits pro-
vided for driving the array.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A layered-type piezoelectric element and a method of
producing the layered-type piezoelectric element according,
to a preferred embodiment of the present invention will be
described while referring to the accompanying drawings
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wherein like parts and components are designated by the
same reference numerals to avoid duplicating description.

FIG. 2 shows essential portions of an ink jet printer to
which an ink jet print head 15 according to the embodiment
of the present mmvention 1s mounted. A platen 10 for feeding
a sheet 11 1s rotatably mounted to a frame 13 by a shaft 12.
A motor 14 1s provided for driving the platen 10. Two guide
rods 20 are also mounted to the frame 13 1n parallel to the
axis of the platen 10. A carriage 18 1s slidably supported on
the two guide rods 20. An 1nk jet print head 15 and an ink
supplier 16 are mounted on the carriage 18 so as to face the

platen 10. A timing belt 24 wound on a pair of pulleys 22 1s
fixed to the carriage 18. A motor 23 1s provided for rotating
one of the pulleys 22. Feed of the timing belt 24 moves the
carriage 18 1n alignment with the platen 10.

FIG. 3 1s an exploded perspective view showing an array
30 used 1n the ink jet print head 15. The array 30 includes
a base plate 33 made from a metal or a ceramic with a high
modulus of elasticity, a layered-type piezoelectric element
38 according to the present invention, a thin-film vibration
plate 35, a channel main body 34, and an orifice plate 36
formed with orifices 37. These components of the array 30
are attached together in the configuration shown in FIG. 3.
That 1s, the base plate 33 1s secured on one side of the
layered-type piezoelectric element 38 and the thin-film
vibration plate 35 1s disposed to the other side of the
layered-type piezoelectric element 38. The layered-type
piezoelectric element 38 1s attached, via the thin-film vibra-
tion plate 35, to one side of the channel main body 34 and
the orifice plate 36 1s attached to the other of the channel
main body 34. The channel main body 34 and the orifice
plate 36 are formed by 1njection molding of a resin material.

The layered-type piezoelectric element 38 has formed
theremn a plurality of slit-shaped elongated holes 52 defining
therebetween actuator portions 46a, 46b, and 46c. The
channel main body 34 has formed therein 1nk channels 324,
32b, and 32c¢ extending in parallel with and at positions
corresponding to the actuator portions 46a, 46b, and 46c¢. In
the present embodiment, the 1nk channels 32a, 32b, and 32c¢
are formed longer in the lengthwise direction and wider 1n
the widthwise direction than corresponding actuator por-
tions 46a, 46b, and 46¢ of the layered-type piezoelectric
clement 38.

As can be seen 1n FIG. 4, the array 30 of the present
embodiment 1ncludes three ejection devices 70a, 70b, 70c,
which include the actuator portions 46a, 465, and 46c¢ and
the 1k channels 32a, 32b, and 32c¢ respectively. In other
words, the actuator portions 46a, 46b, and 46c¢ of the
layered-type piezoelectric element 38 are positioned at cavi-
ties formed by the ink channels 32a, 32b, and 32¢ (which
extend perpendicular to the sheet surface of FIG. 4) so that
the layered-type piezoelectric element 38 serves as a piezo-

clectric actuator for the three ejection devices 70a, 70b, and
70c.

The layered-type piezoelectric element 38 1s a multilay-
ered stacked body including: piezoelectric ceramic layers 40
having piezoelectric and electrostrictive properties; mternal
negative electrode layers 42; and internal positive electrode
layers 44a, 44b, and 44c. The piezoelectric ceramic layers
40 are composed of a lead zirconium titanate (PZT) ceramic
material with ferroelectric properties. As indicated by
arrows at the actuator portions 46a, 46b, and 46¢ 1n FIG. 4,
the piezoelectric ceramic layers 40 are polarized in the
direction in which they are stacked. The internal negative
clectrode layers 42 and internal positive electrode layers
44a, 44b, and 44c are composed of a silver-palladium
(Ag-Pd) metal material.
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As can be seen 1 FIG. 5, the actuator portions 46a, 46b,
and 46c¢ are formed at the central portion of the layered-type
piezoelectric element 38 and are divided by the plurality of
clongated holes 52. In addition to the actuator portions 464,
46b, and 46c, the layered-type piezoelectric element 38
includes a piezoelectric inactive portion 48 at an edge
portion thereof. The piezoelectric mactive portion 48 con-
nects end portions of the actuator portions 46a, 46b, and 46¢
together.

As shown 1n FIG. 6, the internal positive electrode layers
44a, 44b, and 44c¢ are divided by the elongated holes 52 to
a one-to-one correspondence with the ink channels 32a, 32b,
and 32c¢. The internal electrode layers 42, and 44a, 44b, and
44c overlap at overlapping regions 464, (indicated by dotted
lines in FIG. 6), 46b,, and 46¢, that is, at all areas between
the elongated holes except the tips of each actuator portion
46a, 46b, and 46¢. On the other hand, internal electrode
layers 42, and 44a, 44b, and 44c¢ do not overlap at the
piezoelectric 1nactive portion 48 nor at non-overlapping
regions 464, (indicated by dotted lines in FIG. 6), 46b,, and

46c¢,, that 1s, at the tips of each actuator portion 46a, 46b, and
46¢.

The layered-type piezoelectric element 38 can be pro-
duced by the following method. A powder of a piezoelectric
material, which 1s primarily PZT, 1s mixed to a desired
composition. Then the powder is calcined at 850° C. Next,
a defoaming agent, a minute quantity of a plastic material,
and five parts by weight binder are added to the powder. The
resultant mixture 1s dispersed in an organic solvent to
produce a slurry. The slurry 1s formed 1nto green sheet base
plates with a predetermined thickness using a doctor blade.
Window-shaped elongated holes 52 are punched mto each of
the base plates to predetermined dimensions.

Next, palladium (Pd) paste is then screen printed on the
base plates to form green sheets 50 and 51 with the two
different patterns of internal electrodes shown i FIG. 6.
That 1s, internal positive electrode layers 44a, 44b, and 44c,
whose number 1s a one-to-one correspondence with the
number of the ink channels 32a, 32b, and 32c¢, are first
formed by screen printing on the upper surface of each of
one group of base plates. Then, electrode terminal portions
45a, 45b, and 45¢ of respective 1nternal positive electrode
layers 44a, 44b, and 44c¢ are formed on the same base plates
by screen printing to produce a group of green sheets 50. On
the upper surface of the remainder of the base plates, an
internal negative electrode layer 42 with electrode terminal
portions 43 1s formed traversing across all the ink channels

32a,32b, and 32¢ by screen printing to produce green sheets
51.

It should be noted that the internal electrode layers 42, and
44a, 44b, and 44c are provided with their tip end portions
drawn slightly back from the ends of the elongated holes 52
in the lengthwise direction of the elongated holes 52 to
insure that, when the green sheets 50, 51 are stacked, the
internal positive electrode layers 44 and the internal negative
clectrode layers 42 overlap each other in the stacked direc-
tion only at the overlapping regions 46a,, 465, and 46c,.
Further, the electrode terminals 43, 45a, 45b, and 45c¢ are
formed so as to be exposed on corresponding side edges of
the green sheets 50, 51.

Next, both types of green sheets 50, 51 are stacked
alternately to a total of 10 sheets. On top 1s stacked a green
sheet (not shown) with no internal electrode layer on the
upper surface of its piezoelectric ceramic layer 40. The
sheets are then heat-pressed into an integrated body. After
degreasing, sintering is carried out at approximately 1,200°
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C., resulting 1n a stacked body made from piezoelectric
clements. As shown 1n FIG. 5, outer negative electrodes 53
and outer positive electrodes 54a, 54b, 54¢ are attached to
locations where the electrode terminal portions 43, 454, 45b,
and 45c¢ are exposed 1n the thus-formed stacked body

Then, a well-known polarization process 1s executed to
polarize the stacked body by application of an electric field.
The polarization process can be carried out, for example, by
immersing the stacked body into an oil bath (not shown)
filled with an electrically insulating o1l, such as silicon o1il,
heated to about 130° C. An electric field of approximately
2.5 kV/mm 1s then applied between the outer negative
clectrodes 53 and the outer positive electrodes 54a, 54b, and
54c¢ to polarize the stacked body. If the piezoelectric ceramic
layers 40 of the stacked body are sufficiently thin, for
example, approximately 50 um, they can be easily polarized
without providing a special environment such as the o1l bath.
In this case, a voltage of approximately 30 V 1s applied
between the outer negative electrodes 33 and the outer

positive electrodes 54a, 54b, and 54c after the ink jet print
head 15 has been assembled.

The layered-type piezoelectric element 38 shown 1n FIG.
5 can be obtained using the above-described method. The
clongated holes 52 can be formed simply by a cutting or
punching out process. It should be noted that the process
described above for making the layered-type piezoelectric
clement 38 can be performed without any punching pro-
cesses. For example, a green sheet base plate having elon-
cgated holes 52 with predetermined dimensions can be pro-
duced by performing injection molding techniques using
molding materials made from piezoelectric material. None
of the above-described methods, that 1s, whether the elon-
cated holes 52 are formed by a punching out, cutting
process, or by 1mjection molding, require any special pro-
cessing equipment or production processes. Therefore, pro-
duction can be easily managed and these methods are well
suited for mass production techniques.

As a variation of the method for producing the layered-
type piezoelectric elements 38, the internal electrode layers
42, 44 and the electrode terminal portions 43, 45 may be
formed on base plates before punching out or otherwise
forming the elongated holes 52. In this case, the imternal
positive electrode layers 44a, 44b, and 44c¢ need not be
printed so that they are electrically 1solated from each other.
Instead, the conductive material need only be printed on the
base plates so that opening the elongated holes 52 will divide
the resultant layer of conductive material into an electrically
1solated plurality of internal positive electrode layers 44a,
44b, and 44¢ whose number corresponds to the number of
clectrode terminal portions 435a, 45b, and 45c¢.

The material of the internal positive electrode layers 444,
44b, and 44c can therefore be printed using a simpler
process. Next, as 1n the above-described embodiment, green
sheets 50 and green sheets 51 are stacked alternately, heat-
pressed 1nto an integrated body, degreased, and then sin-
tered. Then, the outer electrodes 53, 54 are formed and the
stacked body polarized to produce the layered-type piezo-
clectric element 38.

In still another variation of the method for making the
layered-type piczoelectric element 38, elongated holes can
be opened 1n green sheets after they are stacked together. In
this case, first, green sheet base plates are molded to the
predetermined thickness using a doctor blade or similar
device. Then, without punching elongated holes 52 into the
oreen sheet plates, internal negative electrode layers 42 and
clectrode terminal portions 43 are formed on one group of
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oreen sheet base plates. Internal positive electrode layers 44
and electrode terminal portions 45 are then formed on
another group of green sheet base plates. Next, both types of
oreen sheets are stacked alternately to a total of 10 sheets.
Another green sheet (not shown), which will form a piezo-
electric ceramic layer 40 with no internal electrode layer on
its upper surface 1s stacked on top. The stack of green sheets
are then heat-pressed 1nto an integrated stacked body. Elon-
cgated holes are then formed at a predetermined pitch 1n the
integrated stacked body by using a punching process. Next,
as 1n the above-described embodiment, the stacked body
with elongated holes opened therein undergoes degreasing,
and sintering. The layered-type piezoelectric element 38 1s
produced by attaching the outer electrodes 53, 54 and
polarizing the stacked body.

This method also eliminates the need to screen print the
internal positive electrode layers 44a, 44b, and 44c¢ so that
they are electrically 1solated from each other. Instead, the
material of the internal positive electrode layers 44a, 44b,
and 44c¢ can be printed by a simple process so that forming
the elongated holes 52 will divide the resultant layer of
conductive material into an electrically 1solated plurality of
internal positive electrode layers 44a, 44b, and 44c, whose
number corresponds to the number of electrode terminal
portions 45a, 45b, and 45c¢. In addition, 1n this example, the
clongated holes are formed after the green sheets are
assembled into a stacked and integrated body. Therefore,
without aligning the elongated holes 52 when stacking the
orecen sheets 50, 51 as 1s required 1n the above-described
embodiment, a stacked body can be produced with edges of
the actuator portions 46a, 46b, and 46¢ properly aligned

even 1f the green sheets are shifted slightly out of alignment.

Further, 1n a slight variation to this last process, if the
stacked body 1s thick, whether because it includes many
layers of layered-type piezoelectric elements 38 or for some
other reason, then the elongated holes 52 should not be
opened 1n an integrated stacked body contaimning the ulti-
mately desired number of stacked green sheets. Instead, thin
integrated stacked bodies are first formed by stacking and
heat pressing a few green sheets having the internal elec-
trode layers and other components. Then elongated holes 52
are formed 1n each of the resultant thin itegrated bodies to
produce a plurality of thin stacked bodies with elongated
holes 52 formed therein. Next, a number of the thin stacked
bodies are stacked to obtain a thicker stacked body with the
ultimately desired number of stacked layers. Afterward, the
resultant thick stacked body 1s heat-pressed again into an
integrated body and then degreased and sintered.

All of the layered-type piezoelectric elements 38 formed
through the above-described methodes have actuator por-
tions 46a, 46b, and 46¢ connected by their end portions to
the piezoelectric non-active region 48. Therefore, even if the
actuator portions 46a, 46b, and 46¢ arc thin, they will be
supported by the piezoelectric non-active region 48 and so
will not break or be damaged during production.

Electric circuits provided in the array 30 are shown in
FIG. 7. The outer positive electrodes 54a, 54b, and 54c¢ of
the layered-type piezoelectric element 38 are connected to
the positive electrode of a drive power source 60 through
openable and closable switches 62a, 62b, 62c. The outer
negative electrodes 353 of the layered-type piezoelectric
clement 38 and the negative electrode of the drive power
source 60 are grounded. A controller (not shown) opens and
closes the switches 62a, 62b, and 62c¢ to selectively apply a
driving voltage from the drive power source 60 between the
internal negative electrode layers 42 and the internal positive
clectrode layers 44 located on a selected one of the actuator
portions 46a, 46b, or 46c.
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Next, the operation of an 1k jet print head 15 having the
above-described configuration will be described. For con-
venience of explanation, 1t will be assumed that the array 30
according to the present embodiment is provided with three
ink channels.

In accordance with predetermined print data, the control-
ler closes, for example, the switch 62a so that a voltage 1s
applied between the internal negative electrode layers 42
and internal positive electrode layers 44a of the actuator
portion 46a, resulting 1n a bias electric field developing in
the piezoelectric ceramic layers 40 between these internal
clectrode layers. Dimensional distortion caused by piezo-
clectric and electrostrictive longitudinal-effects lengthen the
actuator portion 46a in the vertical direction of FIG. 7,
thereby reducing the volume in the ink channel 32a. An
Increase 1n pressure accompanying this volume change
ejects ik in the 1nk channel 32a from the orifice 37a as a
droplet 39. Following this, the switch 62a 1s opened and the
application of voltage 1s cut off, returning the actuator
portion to its original form. As the ink channel 324 increases
in volume, 1nk 1s refilled into the ink channel 32a from the
ink supply device 16 via a separate valve (not shown). To
orve a further example, if another switch 62b 1s closed,
displacement of the actuator portion 46b will occur so that
ink will be ejected from the ink channel 32b. Because the
piezoelectric ceramic layers 40 are polarized 1n the direction
in which they are stacked, a large amount of deformation
develops 1n the stacked direction, resulting 1n highly reliable
ink ejection.

Next will be described deformation undergone by the
layered-type piezoelectric element 38 in an array direction
31 when a voltage 1s applied thereto. When a voltage of 25
V 1s applied to, for example, actuator portion 464, then the
overlapping region 46a, undergoes a significant displace-
ment of 200 nm or more. On the other hand, the piezoelectric
inactive section 48 hardly undergoes displacement at all.
Further, displacement at the overlapping region 46a, pulls
the non-overlapping regions 46a., creating some displace-
ment there also. Because the 1nk channels 32a, 325, and 32c¢
arc formed longer in the lengthwise direction than the
actuator portions 46a, 46b, and 46c¢, the actuator portion 464
can elliciently deform into corresponding ink channel 32a4.
Consequently, droplet 39 can be elfectively ejected using a

low driving voltage of only 30 V.

In the piezoelectric-type ink jet printer 15 of the present
embodiment, a single layered-type piezoelectric element 38
serves as piezoelectric actuators for all the ejection devices
70a, 70b, and 70c. Therefore, a plurality of arrays 30
assembled together can provide an 1nk jet print head 15 with
a simple configuration that can be produced using simple
methods. Therefore, the number and complexity of manu-
facturing processes can be reduced so that production costs
can be reduced. In addition, because the piezoelectric actua-
tors are layered-type piezoelectric elements 38 and because
the 1nk channels 32a, 32b, and 32¢ are formed longer in the
lengthwise direction than corresponding actuator portions
46a, 46b, and 46c, consequently, the actuator portions 464,
46b, and 46¢ can effectively and easily deform into corre-
sponding 1nk channels 32a, 32b, and 32c¢ so that driving
voltage can be significantly reduced.

Further, because the 1nternal electrode layers 42, 44 of the
layered-type piezoelectric element 38 are formed by screen
printing, the electrodes can be simply formed even when the
actuator portions 46a, 46b, and 46¢ and the elongated holes
52 are formed extremely thin. Therefore, an array 30 includ-
ing the ejection devices 70a, 70b, and 70c¢ can be formed to
a small size so that a print head that allows high resolution
and a wide printing range can be achieved.
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Further, each of the actuator portions 46a, 46b, and 46¢
divided by the elongated holes 52 are supported connected
together at their end portions by the piezoelectric nonactive
region 48. Consequently, even when the actuator portions
46a, 46b, and 46¢ are formed to a narrow width, they will
not break or be damaged during production of the print head.
Therefore, yield when producing the print head 1s improved.
The actuator portions 46a, 46b, and 46¢ will also not break
when driven, thereby improving reliability of the resultant
print head. Also, 1f the actuator portions 46a, 46b, and 46¢
can be formed thinner, they can be formed into a more
highly mtegrated unit, which improves print quality of the
resultant 1nk jet print head.

Still further, only the electrode terminal portions 43, 45 of
the internal negative electrode layers 42 and internal positive
clectrode layers 44 of the layered-type piezoelectric element
38 according to the present embodiment are exposed to the
exterior. Therefore, deterioration of insulating properties,
such as deterioration caused by silver migration, 1s elimi-
nated. Further, advantages such as superior durability and
moisture resistance are gained. Also, because the outer
negative electrodes 53 and the outer positive electrodes 54a,
54b, and 54c¢ connected to the internal electrode layers 42,
44a, 44b, and 44c¢ are formed on the same side surface of the
layered-type piezoelectric element 38, the electrodes can be
casily picked up and collectively electrically connected to a
drive control circuit or a circuit substrate for controlling
drive of the print head. Also, the outer negative electrodes 53
and the outer positive electrodes 54a, 54b, and 54¢ can be
connected to the electric circuit at a single side surface of the
array 30 so that less space 1s taken up.

While the invention has been described in detail with
reference to specilic embodiments thereof, 1t would be
apparent to those skilled in the art that various changes and
modifications may be made therein without departing from
the spirit of the mnvention, the scope of which 1s defined by
the attached claims.

For example, 1n the above-described embodiments, one
layered-type piezoelectric element 38 serves as piezoelectric
actuators for the three ejection devices 70a, 70b, and 70c.
However, piezoelectric actuators for additional ejection
devices can be formed by adding to, or changing the pattern
of, the internal positive electrode layers 44.

Further, in the above embodiment, the internal positive
clectrode layers 44 are divided 1n a one-to-one correspon-
dence to the ink channels 32a, 325, and 32¢. However, the
internal negative electrode layers 42 may be divided to a
one-to-one correspondence to the ink channels 32a, 325, and
32c¢. Alternatively, both the internal positive electrode layers
44 and the internal negative electrode layers 42 may be
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separated 1n a one-to-one correspondence to the ink channels
32a, 32b, and 32c¢. That 1s, 1t 1s sufficient for at least one of
the internal electrode layers, either positive or negative, to

be divided 1n a one-to-one correspondence to the ik chan-
nels 32a, 32b, and 32c.

Also, the array 30 can be provided with more or less than
the three ink channels described 1n the present embodiment.

What 1s claimed 1s:

1. A layered-type piezoelectric element for producing a
pressure fluctuation within a cavity of an ink jet print head
to eject the 1ink from the cavity, the layered-type piezoelec-
tric element comprising;:

piezoelectric ceramic layers; and

internal electrode layers stacked 1n a stacked direction
alternately with said piezoelectric ceramic layers to
form a stacked body, the internal electrode layers
including an odd-numbered electrode layer group and
an even-numbered electrode layer group;

wherein elongated holes that are elongated 1n an elonga-
tion direction perpendicular to the stacked direction
extend in the stacked direction through a central portion
of the stacked body, the elongated holes defining ther-
cbetween a plurality of actuator portions that extend in
the elongation direction and that are attached at both
ends 1n the elongation direction to other portions of the
stacked body, portions of each layer of the odd-
numbered electrode layer group being in opposition 1n
the stacked direction with portions of each layer of the
even-numbered electrode layer group at least at the
actuator portions of the stacked body.

2. A layered-type piezoelectric element as claimed 1in
claim 1, wherein at least one group of the odd-numbered
clectrode layer group and the even-numbered electrode layer
oroup Including a plurality of electrically 1solated electrodes
disposed at positions corresponding to the actuator portions.

3. A layered-type piezoelectric element as claimed 1n
claim 2, wherein the piezoelectric ceramic layers are polar-
1zed 1n a direction of an electric field produced by applica-
fion of a voltage between electrode layers.

4. A layered-type piezoelectric element as claimed 1n
claim 2, wherein each electrode layer has a terminal portion,
all of the terminal portions being exposed on a same side
surface of the stacked body.

5. A layered-type piezoelectric element as claimed 1n
claim 1, wherein layers of the odd-number electrode layer
oroup are disposed in alternation in the stacked direction
with layers of the even-number electrode layer group.
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